Background and Purpose-Gait speed does not adequately predict whether stroke survivors will be active in the community.
A mbulatory activity in the home and community is a critical indicator of a person's functional mobility and health status. 1 Despite achievement of full-community ambulatory status, many independent ambulatory stroke survivors take fewer steps per day than age-related averages and the recommended step activity needed for health benefits. 2 Although there is evidence that habitual gait speed is associated with daily ambulatory activity after stroke, 3 the strength of this relationship is variable and may overestimate walking activity in chronic stroke survivors. 4 One factor that has been overlooked is the incongruence between our everyday environment (dynamic, unpredictable) and the clinic environment in which gait speed is typically assessed (stationary, predictable). The purpose of this exploratory analysis was to identify whether gait speed under attention-demanding conditions (dual-task walking) accounts for additional variance in ambulatory activity, above and beyond traditional single-task gait speed.
Methods
The sample comprised 28 community-dwelling adults, ≥18 years of age, within 3 years of stroke, who could walk continuously for 50 m without assistance of another person and follow 3-step commands. Exclusion criteria were >1 fall in the last 12 months, speech deficits, preexisting or coexisting neurological conditions, uncorrected hearing or visual impairments, and orthopedic conditions affecting gait. Study procedures were approved by the institutional review board, and participants provided informed consent. The data that support the findings of this study are available from the corresponding author on reasonable request.
Participants completed assessments to characterize cognition, motor impairment, functional mobility, walking endurance, and balance self-efficacy. A classic dual-task paradigm was used to assess cognitive-motor dual-task performance, involving performance of each task in isolation (single task) and in combination (dual task). The cognitive task was the auditory Stroop task, 5 which engages executive functions. 6 Single-task performance of the Stroop task was recorded in sitting. Reaction time and response accuracy were measured.
The gait task required participants to walk continuously on a level surface for at least 48 m providing, on average, 39 steady-state strides for spatiotemporal analysis. Gait data were acquired using a 5-node wireless ambulatory system (LEGSys; n=25) while walking along a 30-m walkway with a single turn at 1 end or during 6 continuous passes (n=3) over an 8-m instrumented walkway (GAITRite).
Spontaneous daily ambulatory activity was captured for at least 2 consecutive days using an unobtrusive physical activity monitoring system (PAMSys). The inertial sensors identified postural positions and movements during the 2-day observation period, which yields optimum compromise between reliability and adherence. 7 The participants were instructed to remove the activity monitor during sleeping hours and for bathing. Validated signal-processing algorithms were used to identify physical activity of the user. 8 To examine whether dual-task gait speed accounts for variance in daily ambulatory activity (steps per day) above what can be predicted
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with single-task gait speed, we entered the variables sequentially into a regression to identify significant changes in R 2 value. Because scatterplots of the relationships between gait speed and steps per day suggested a nonlinear relationship, we used a polynomial regression, residual plots, and parameter estimates to determine the best curve fit for both single-task and dual-task gait speed in separate models before sequential regression models to determine which terms would be appropriate in the full model. The quadratic term significantly improved model fit for dual-task gait speed (R 2 change, 15.9%; P=0.01; Figure) but not single-task gait speed (R 2 change, 10.1%; P=0.06). Therefore, we used both the linear and quadratic terms for dual-task gait speed but retained only the linear term for singletask gait speed in the overall regression analysis. 9 To assess the final regression model fit, we examined the residual plots and parameter estimates. Although there was 1 potential outlier for the multivariate model, there were no violations of the standard assumptions for linear regression.
Results
The 28 participants (61% male) were, on average, 58.2 (SD=16.6) years old and 8.9 months poststroke (interquartile range, 3.7-19.4). The majority (71%) had ischemic strokes of left hemisphere (54%). Forty-three percent of the participants used an assistive device, and 29% used bracing to walk. Additional characteristics are summarized in Table 1 .
Gait speed in the dual-task condition (mean, 0.77 m/s; SD=0.29) was significantly slower than in the single-task condition (mean, 0.82 m/s; SD=0.30), P=0.03. There was no difference in Stroop reaction time between single-and dual-task conditions. However, Stroop task accuracy was significantly worse in the dual-task condition (median, 94%; interquartile range, 78.5%-100%) than in the single-task condition (median, 100%; interquartile range, 90.5%-100%), P=0.001. The physical activity monitor was worn, on average, for 2.5 days and 10.5 (SD=3.5) hours per day. There was no significant difference in daily step count between days 1 and 2, (P>0.05) and the intraclass correlation coefficient (ICC2,1) was 0.81.
The regression analysis indicated that single-task gait speed explained 15.3% of the variance in the number of steps per day (P=0.04). Adding dual-task gait speed increased the R 2 value by 20.6% (P=0.04; Table 2 ). Together, single-and dualtask gait speed explained 35.9% (adjusted R 2 , 27.9%) of the variance in daily ambulatory activity. Because single-task gait speed became nonsignificant in the combined model, excluding single-task gait speed from the regression produced similar R 2 values as model 2 ( Table 2 ).
Discussion
Consistent with our expectation, including dual-task gait speed with single-task gait speed explained a larger proportion of the variance in everyday ambulatory activity than single-task gait speed alone. Furthermore, the proportion of the variance explained in this sample by including dual-task gait speed or by dual-task gait speed alone is greater than that reported for single-task gait speed previously. 10 This may be, in part, because dual-task gait speed more accurately reproduces the demands of walking in the real world, where one often performs mental operations (eg, engaging in conversation) while walking.
The observed curvilinear relationship between dual-task gait speed and steps per day was an unexpected finding and may be because of the specific distribution of our sample. Specifically, there was a small cluster of participants at the higher end of the gait speed continuum but on the low end of the steps-per-day continuum, whereas other fast walkers were high on the steps-per-day axis. This seems to be driving the observed curvilinear relationship (Figure) . This finding is consistent with those of Robinson et al, 11 who found more variability in self-reported walking-related activities in stroke survivors with gait speed >0.8 m/s. Generalizability of the current findings is limited to a specific subpopulation of community-dwelling stroke survivors who are relatively young, with few comorbidities, mild or no cognitive impairment, low-to-moderate fall risk, and within 3 years of stroke. Daily ambulatory activity was measured for 2 to 3 consecutive days; this relatively short time frame may not provide sufficient consistency to characterize habitual walking activity. 12 However, the intraclass correlation coefficient value of 0.81 indicates good agreement 13 between step activity over the assessment period. Although the PAMSys provided objective data to quantify daily step activity, we cannot determine whether the participants were walking in their home or community. This is a limitation of physical activity monitoring in general and is not exclusive to this study. ‡Predictors: (constant), dual-task gait speed (m/s), (dual-task gait speed x dual-task gait speed).
